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Elucidation of the mechanism of gene amplification as drug resistance and its
clinical application.
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EGFR mutant lung adenocarcinomas respond to EGFR inhibitors, but eventually
develop resistance. In this study, we applied CRISPR-Cas9 genome editing technology to investigate
drug resistance. We created various fusion gene models through genome editing and confirmed their
function as mechanisms of drug resistance. We identified therapeutic agents to overcome resistance
caused by fusion genes and further discovered that cancer acquires various gene amplifications
against this treatment (Kobayashi et al., Nature Communications 2022). These findings provide
valuable models and foundational data for ongoing research on fusion and gene amplifications.

EGFR



¥ X C—19,. F—19—1, Z—19 (i38)

1. WFZERRMELFI DO 5

EGFR &+ OIEMAZERIL, AARANEZEGT T 7 ADO¥3E LUK ADK) 20% THR.H 1
7o HEATHE L O F9 0 EGFR Z &2 i3 41213 EGFR F 13 v X F—PHERA S A LF
ST REEREE o TS, L, —EZIWTHE 1~2 FECTEAMMEELEELTLED =
ERRETH D,

FANMED A =X L LT, OEGFR &Efaf D RERIZL > THADEAETE R RD
H D, OMOIEN ABIRT DR - BB TR - G BB T D ORBAT T O AN
DO TFEART A~ DR EHRE SN TWB D, TS ORI D TEARIEIL F 7 RENT
SN TV,

2. WO HBY

AWFZEIT ., BHIMERETE & LT [OfMDIENAELEFOLER - BiLFHEIE - fE S5
DFBAT T TN DIH FHCAEE T & B THEICEE 35, 7/ AREIC X - TERK
L7 fa FHEET T VIS 2 T, MABGEFET VEERT D 2 & CRAEG -2 1RRIEN &
L7 72160 R 2 B4,

HARMNZIE, BERRIR DR 2> B3 & 7= A B s -6l o op CERAMRE 2 5] & = 3 Al jE
PED G D DEEFE L, F OHEE & AT A B = X b &2 I ES & Hb¥ CaERI BT+
b BT, WA EGTFAES LN AMIIZEBNT, o2 O EGFR BHRL 7 F L Ll aEls
TN DI Y T ORI EAEH R OWERBEICRTT 5 & 5 7 2 EAIMPER T 2 i3 5,

3. WD ik

(1) FERMIA SHH L7Z DNA « RNA OfiFfT

504 A® EGFR & FEREAZEHOMNABEEZE O DNA MK EZ RIS — 27 = —Tigfr L
7o & 2 A, 104 FEOMA B TEMAIBRE SN, 2 Odn b EAIMIEDIRIK & 72 2 FTEErED
HOLMEBIETERET D720, IBEDFICET D EERIERAZINE LZ, 512, RNA BIK
RBRNA LV —7 T AT 5 L CREBIBTON) T —var&iioT,

(2) CRISPR 7 / AfRAEMILE T L OFES

Al & 70 DA B S T AN ERAFIME & U ClRET 208 9 &Rl 5 72912, CRISPR-Cas9
7 MRERAT 2 VT, EGFR ZERMGA AMIKR D S A B In T VAER Lz, Z O
T L2 HNT, S EEFERIRT A 7-0ICH RO A 7 ) —= 7 ROF DG
EICxT 5 & B 7 2 IRANMHER 2 5146 L 7=,

4. HFFERE
(1) AN FIA & 72 DA A s 1 OFFE

104 FEHEORA B EM O P TIREEANC R 09T W E WO BLEN D RPN ABLGF A2 & T
A BT 3T BIZ OV T X DI 2D 7=, OFEBEOBEIRERE, QFHIRN ABA B
T ORI LT EEDOH S RNA v— 27 = A QCRISPR-Cas9 7/ AfmEMIEET L%
o EBRT —XD 3 2OT7 7 —FERAETH I & THMEBLETOREZHT-L A,
HANMHE & L CORREE b OB BLR X —H TCLORNZ 2V LT,

N ﬁﬁiﬁ:E?b\ﬁmfhr_g 12237 TMEM196-ABLIM 11 1)
eI < HHe *BNC2-JAK2 il [T ]
CNOT6-MDM4 [l »

i EML4-ALK %2 il} 1GEGFR-TKI

2 1*MAP3K1-intergenic g [ ..U O 3G EGFR-TKI
— *CCDC6-RET off-target combo
¢_1{ ERBB3-intergenic
ESYT2-BRAF M [ .
["NOTCH2-intergenic: "}

C *TRIM33-ERBB4

CCDC6-RET

H *ROS1-intergenic

-1 *DIAPH2-BCORL1

~-1 *CUL4B-BCORL1

*FGFR3-TACC3

M on-target combo
(HERARROL SHHE
RifEnrptmms)

=» on treatment
X no EGFR-TKI
B EGFR T790M
7% loss of T790M
*CCDCB-RET; 3 * no initial Oncopanel
| SYNDIG‘LGNAS"_
FGFR3-TACC3: !
*DLG1-BRAF
*BCL6-intergenic
*EBF2-NRG1!’}
*TBC1D25-ARAF
R *FGFR1-intergenic.}
-60 -48 -36 -24 -12 0 0 6 12 18 24 30 36
total duration of EGFR-TKI treatment before and after detecting fusions (month)

b AR FKBP5-ESR1
REBEFIMRE I RARA-intergenic
NPM1-FGFR2 .-
RET-intergenic
RARA i I )
TDG-CTNND2+WBPILNT5SC2 [T B
I —
-4
X
X
X

subsequent RNA-seq

MTOR-intergenic
TADA2A-RARA
IGH-CCND1
SLC4A4-GNAS
FBX032-MYC

12 24 36 48 60
total duration of EGFR-TKI treatment (month)



1 N VBIn T 2 E Rl AR 7 03 B S U7 838 O iRk

(2) FEBETOTRICHE N2 OFIRE & & 572 DT @ﬁﬂ&&a

EGFR B TAEROSH 5 Mind A BEPEAIME & U TR A En T 285 LRI a2 LT,
CRISPR %/ A Z 4% = & T EGFR B TR0 5 5 i) A#aiks & ESYT2-
BRAF 72 EOREE G 2B Lz, 25 0OET MVEHENIZ EGFR BRERICHHEE 25 2 &
EWER L, HHIA T V== T L > CTENENDOREBLE I HERE Lz,

SEEFOB
ESYT2 BRAF

pNA BIHHEE /

EI—I
| RTS4v05

mRNA - B AR -
ESYT2-BRAF RE&IEGTF

2 CRISPR 7"/ AfftEIZ & % ESYT2-BRAF @il &38 15+ DERK

EHIT, BATH LW HIRIRICH LTS bR 53 AIMMELESF L TLE D 2, e8I
B < FAl L EGFR BEA O HRIE CREIAMEE T v 2RE T2 L Tﬁeﬁ”ﬁﬁﬂ%ffﬂ%%ﬁﬂ‘ﬁ L.
%@Wﬁ‘f@%‘éf?%ﬁﬁﬁ L7,

%?’n WZ EIZ, BAT
O 13%15'1@% M4 (Fusion Side)

® EGFR B ROT TR (EGFR side)

@ HE@moL 7 FAREOmMMREF (Down stream)

@ FHRMmEREF (Other)
I CREA RRERTHiE L 705 Z R bvolz, ZDZEND, ux D EGFR ZBENS DFMN A
T FNEBEBGFENODENAYT T FANEHECHEERA L TWD Z Rl s D, &
S MAERRIZE Y . 2D OfFEx R & TR T 5 72 OB 272 KA b N LRE
L7z Bl 203, BEREIE IS DMt & LT ESYT2-BRAF @& {51 O fn - HME A3k =
S7TEBRIE, HI1EX° EGFR BEAZ L2 L w37, ¥l BRAF HEA| & MEK EAIOOFH A%
ﬂbzz ? EE R LTz, 72, ESYT2-BRAF LIAMZ &8k % 2238 s FHE 2 M F & LT
L7z (1),

Fusion side EGFR side Down stream Other
CCDCB6-RET amplification wild type EGFR amplification KRAS G12L | YAP1 amplification |
RET G810S MAP2K1 F129L+MTOR K2374N \ PC-9CCDCERET
= i i = pc_gESYTZ-BRAF
ESYT2-BRAF ampllﬁeetlon\ PIK3CA E545K ! PO.QFGFRTACCS
ALK G1202R patient with EML4-ALK

=

3 AR TI2%h < & EGER FHE A OO FEREIT T 2 & 6 70 2 ZEAIMH MR

<G| 3Tk >
1. Kobayashi Y, Oxnard GR, Cohen EF, Mahadevan NR, Alessi JV, Hung YP, Bertram
AA, Heppner DE, Ribeiro MF, Sacardo KP, Saddi R, de Macedo MP, Blasco RB, Li J,
Kurppa KJ, Nguyen T, Voligny E, Ananda G, Chiarle R, Katz A, Tolstorukov MY,
Sholl LM, Janne PA. Genomic and biological study of fusion genes as resistance
mechanisms to EGFR inhibitors. Nature Communications 2022;13(1):5614.



Kobayashi Y, Oxnard GR, Cohen EF, Mahadevan NR, Alessi JV, Hung YP, Bertram AA, Heppner DE, 13
Ribeiro MF, Sacardo KP, Saddi R, de Macedo MP, Blasco RB, Li J, Kurppa KJ, Nguyen T, Voligny E,
Ananda G, Chiarle R, Katz A, Tolstorukov MY, Sholl LM, Janne PA.

Genomic and biological study of fusion genes as resistance mechanisms to EGFR inhibitors. 2022
Nature Communications 5614
DOl

10.1038/s41467-022-33210-2.

Application of CRISPR-Cas9 to the study of resistant mechanisms to EGFR inhibitors

80

2021

Yoshihisa Kobayashi

Novel treatment approach for targeting RAS Q61 mutant cancers.

The 40th Sapporo International Cancer Symposium

2022

Yoshihisa Kobayashi

Novel RAS Q61 therapy targeting the splicing vulnerability.

The 81st Annual Meeting of the Japanese Cancer Association

2022







